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(57) Abstract 



Apparatus for detecting and monitoring a component of a gaseous mixture, the component being a gas such as ozone or 
chlorine oxide which is capable of exothermic decomposition under the influence of a catalyst, includes a device (1) defining a 
flowpath for the gasesous mixture within which is located a catalyst for decomposing the component and an electrical element (6) 
having an electrical property which varies with the temperature of the element. The apparatus includes means (21, 23, 25 and 27) 
for processing the output electrical signals from the device and for displaying information relating to the amount of the compo- 
nent in the gaseous mixture. 
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GAS MONITOR 

This invention relates to apparatus and methods for the detection 
and monitoring of one or more components of a gaseous mixture and 
more particularly to a gaseous mixture. By way of examples, 
components of gaseous mixtures with which this invention is 
concerned include ozone and chlorine dioxide. Although reference 
will be made hereinbelow mainly to ozone monitors, it should be 
understood that the invention is applicable to other gases such 
as chlorine dioxide. 

Ozone monitors are of use in various processes in which the gas 
ozone is used. Examples of such processes are the treatment of 
effluent in sewerage-treating facilities, purification of water 
which has been used in various chemical processes, the 
purification of bottled or potable water, the sterilisation of 
materials used in the medical and pharmaceutical industries , in 
the food industry (for instance, ozone is used to prolong the 
period for which seafoods remain fresh) and in the electronics 
industry, particularly the production of semi-conductors, where 
the highest level of contamination-free water is required. In 
these and other processes, it is normally required to know the 
amount of ozone produced by an ozone-generator prior to the gas 
stream being fed to the material being treated and also, very 
often, the amount of ozone in the gas exiting from the material 
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being treated. Indeed, it may be desired to monitor the ozone 
level at various points along the flowpath of the gas containing 
the ozone. 

Apparatus for monitoring the presence of ozone in a gas stream 
may provide information relating to such matters as ozone mass 
flow, ozone mass-flow rate, gas stream flow rate and ozone 
concentration. Conventional ozone monitors incorporate 
amperometric or potentiometric electrochemical cells or may be in 
the form of ultra-violet spectrophotometers or be concerned with 
the measurement of the photochemical reaction of ozone with 
ethylene. Aqueous-phase electrochemical sensors have proved 
unreliable since their electrodes and membranes are easily 
fouled, their internal solutions may become contaminated and the 
maintenance of the apparatus requires complex disassembly. The 
accuracy of such apparatus is low." Ultra-violet 
spectrophotometers are expensive, require a reference gas, and 
incorporate optics which may easily become misaligned. They also 
require moving parts in the form of solenoid valves. In 
addition, the ultra-violet spectrum of ozone may be confused with 
that of other compounds present in the gas being monitored . The 
photochemical approach is less common due to the need for a 
continuous supply of reagents and the ability to handle the 
exhaust products. 
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According to the present invention, there is provided apparatus 
for detecting or monitoring a component of a gaseous mixture, the 
component being capable of exothermic decomposition under the 
influence of a catalyst, the apparatus comprising: 

means for feeding the gaseous mixture along a flowpath; 

a catalyst support member located in said flowpath and 

having a catalyst supported thereon; 

temperature-responsive means located in said flowpath and 
forming part of an electric circuit for producing an 
electrical output relating to the temperature of said 
temperature-responsive means; and 

means for processing said output and displaying information 
relating to the amount of the component in the gaseous 
mixture. 

The component may, for instance, be ozone or chlorine dioxide or 
may itself be a mixture of exothermically decomposable gaseous 
components. 

The temperature-responsive means may be any suitable device 
having an electrical property which varies with temperature, an 
example being a thermocouple which responds to temperature change 
by a change in the voltage which the thermocouple generates. 
Preferably, the temperature-responsive means is a device whose 
resistance varies with temperature. Such a device will be 
referred to hereinafter as a resistance-temperature-measuring 
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device, or RTD. An RTD may, for instance, be a thermistor, a 
bolometer or a platinum-resistance thermometer. A platinum- 
resistive temperature device is preferred for the present 
invention since it gives a good linear response over a wide 
temperature range. 

The catalyst may be any suitable catalyst which is capable of 
exothermically decomposing the component of the gas stream being 
monitored. Ozone decomposing catalysts include cobalt oxide, 
Hopkalite and dispersed platinum. A preferred material is 
manganese dioxide* The metal in manganese dioxide is in its 
highest oxidation state and does not catalyse the decomposition 
of other materials which may be present in the gas flow. 

Apparatus in accordance with the present invention is capable of 
providing information relating to the concentration and mass-flow 
of ozone as well as the mass-flow rate of the gas stream which 
contains the ozone. The accuracy of the apparatus is high, 
typically of the same order of known commercial mass-flow 
transducers, that is to say, within 1% to 2%. There are no 
moving parts in the apparatus, and the maintenance required is 
minimal . 

A platinum-resistance thermometer device, used in the present 
invention, may be provided encapsulated in a glass or ceramic 
housing. Preferably, the catalyst is located on the external 
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surface of such a device. The catalyst may be deposited on this 
external surface which is first pre-treated to make it more 
receptive to the application of the catalyst. Preferably, a 
wash-coat in the form of an aqueous slurry is first applied to 
the surface. The slurry may be a dispersion of oxide materials, 
including alumina, in aqueous acetic acid. The encapsulated RTD 
may be dipped into such a slurry in order to coat it. Glass or 
ceramic-encapsulated RTDs can be etched with hydrofluoric acid 
before being dipped in the slurry in order to improve adherence. 
Once dipped, the RTD may be heat-treated or fired at a 
temperature in excess of 300 °C to provide a highly receptive 
surface with a large surface area onto which the catalyst itself 
may then be applied. Application of the manganese dioxide 
catalyst to the wash-coat on the surface of the RTD housing may 
be carried out by thermal decomposition of the chloride or 
nitrate salt of manganese. The wash-coated RTD element may be 
repeatedly dipped into a solution of the salt and then heated in 
air to a temperature in excess of 200° C. After a sufficient 
number of coating steps, the final firing in air to a 
temperature greater than 350°C affords a suitable and 
reproducible catalytic surface. Other catalytic materials such 
as platinum, cobalt oxide and Hopkalite can be applied to an RTD 
in a similar fashion. Powders of catalytic materials may 
alternatively be applied to an RTD by sintering with alumina or 
the plastics PDVF, FEP, TFE or TEF-PFA. 
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The present invention also provides a temperature-responsive 
catalytic device for use in the detection or monitoring of a 
component of a gaseous mixture, the device comprising 
temperature-responsive means having an electrical property whose 
value varies with the temperature of the device, encapsulation 
means encapsulating said temperature-responsive means and, 
located on the external surface of said encapsulation means, a 
catalyst capable of catalysing the exothermic decomposition of 
said component. 

The present invention further provides a sensing head including 
the temperature-responsive device of the present invention 
together with one or more further temperature- responsive means 
and connection means for connecting the sensing head to means for 
processing the electrical outputs from said sensing head. 

The present invention also provides a method for detecting or 
monitoring a component of a gaseous mixture, the component being 
capable of exothermic decomposition under the influence of a 
catalyst, the method comprising: 

feeding the gaseous mixture along a flowpath within which is 
located a catalyst for effecting exothermic decomposition of 
said component; 

allowing said gaseous mixture to contact the catalyst to 
effect exothermic decomposition of the component? 
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causing the heat generated by said exothermic decomposition 
to raise the temperature of the temperature- responsive means 
located in said f lowpath thereby to vary the electrical 
output of a circuit of which the temperature-responsive 
means forms a part; and 

feeding said electrical output to processing means for 
processing said output and displaying information relating 
to the amount of the component in the gaseous mixture. 

An embodiment of the present invention will now be described, by 
way of example only, and with reference to the accompanying 
drawings, in which: 

Figure 1 is a schematic diagram showing the entire 
apparatus; and 

Figure 2 is a diagram showing in detail an RTD of use in the 
apparatus of Figure 1. 

Referring to Figure 1 of the accompanying drawings, apparatus in 
accordance with the present invention includes one or more 
sensing heads 1,3, each of which contains a plurality of 
resistance-temperature-measuring devices ( RTDs ) , such as 5 - 8 
within sensing head 1 . These RTDs form part of an electrical 
circuit the outputs of which are fed to a monitor which includes 
all the components shown in Figure 1 to the right of the sensing 
heads . 
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Referring in detail to sensing head 1, this sensing head is 
provided with a gas stream inlet 11 and a gas stream outlet 12, 
the gas stream within sensing head 1 being caused to pass over 
the various RTDs located within the head. RTDs 5 and 6 form part 
of a first electrical circuit 13. RTD 5 is coated with an ozone 
decomposing catalyst, specifically manganese dioxide, and RTD 6 
is a similar device but not carrying the catalytic coating. 

A second electrical circuit 15 includes RTDs 7 and 8, the former 
being heated by means of an electrical current caused to flow 
through it and the latter being unheated. Neither of these RTDs 
is coated with catalytic material. As will be described in 
further detail below, the RTDs are located within sensing head 1 
such that the gas flows sequentially over each RTD. In an 
alternative embodiment of the present invention, the sensing head 
may be arranged such that the RTDs lie in parallel flowpaths 
within the sensing head. 

In use, gas entering the sensing head 1 will cool the heated RTD 
8, which is the last RTD in the flowpath. As a result, this RTD 
will have its electrical resistance altered. The electrical 
output from circuit 15 can be processed to produce information 
relating to the gas -stream flow. 
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Exothermic decomposition of ozone on the catalytic surface of RTD 
6 causes the temperature of the RTD to rise and the resistance to 
alter. The output from circuit 13 which, in effect, compares the 
resistance of RTD 6 with the reference RTD 5 may be processed to 
provide information relating to the concentration of ozone in the 
gas stream. 

The above-referred to monitor includes circuitry represented by 
block 21 for effecting analogue-to-digital conversion of the 
outputs of the or each sensing head. The resulting digital 
representations of the resistance readings are fed to circuitry 
represented by processing unit 23 which converts resistance data 
to flow and concentration data. This data is fed directly to 
display device 25 where it can be displayed in the form of 
concentration (weight % of ozone in the gas stream) and flow 
(litres per/hr of the gas stream). The same data is also fed to 
circuitry represented by block 27 which calculates the mass flow 
and feeds the resultant data to display device 25 where it is 
displayed in terms of the amount of ozone in the gas stream 
(gm/hr). 

Preferably, the apparatus includes an extensive digital memory 
allowing accurate calibration of the instruments. The digital 
electronics can use the calibration data to combine the mass-flow 
and flow rates to determine a total mass- flow rate giving a 
complete gas stream audit. 
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Referring to Figure 2 of the accompanying drawings, a sensing 
head, such as that indicated by 1 in Figure 1, includes a body 
which is formed from three separate PVC mouldings 31, 33 and 35. 
They are connected together by means of fixing bolts (not shown) 
passing through the three components and secured by locating nuts 
which are positioned in milled grooves 37 located in component 
31. The sensing head may be secured to, for instance, a bulkhead 
by means of bolts passing through bores 39 in component 31. 

The sensing head body described above defines a flowpath 41 
indicated by arrows. Flowpath 41 extends from threaded inlet 
point 43 to a similarly threaded outlet point 45. As illustrated 
in Figure 2, the flow path extends mainly through the middle 
component 33 of the sensor body. It follows an essentially 
rectangular-wave shaped path within which are located the four 
RTDs 5, 6 7 and 8. Each RTD is located in a part of the flowpath 
which extends parallel of the longitudinal axis of the sensing 
head. It lies mainly within central component 33 but extends a 
short distance into upper component 35. Electrical connection 
extends from that end of the RTD located in upper component 35 
via wire 51 through upper component 35 to the exterior of the 
sensing head. 

Apart from the inlet 43 and outlet 45 , the flowpath 41 is located 
mainly within middle component 33 and is effectively closed by 
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means of lower and upper components 31 and 35. The three body 
components are sealed together by means of a silicon-based 
sealant. 

The above-described sensing head is particularly suitable for 
dealing with very low flow rates. The length-wise flow along the 
RTDs is more uniform than would be the case with a cross- flow. 
The particular sequence of the RTDs within the sensing head is 
not important except that it is preferred that the electrically 
heated RTD 8 should be the last RTD in the flow path. In this 
way, the sensing head may be kept as isothermal as possible. 

The above-described apparatus may be used to monitor any 
concentration of ozone, from a concentration of the order of a 
few parts per million up to the safety limits for ozone in 
contact with catalytic surfaces which might be of the order of 10 
to 15 weight %. 
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CLAIMS 

1. Apparatus for detecting or monitoring a component of a 
gaseous mixture , the component being capable of exothermic 
decomposition under the influence of a catalyst, the 
apparatus comprising: 

means for feeding the gaseous mixture along the 
flowpath; 

a catalyst support surface located in said flowpath and 
having a catalyst supported thereon; 

temperature-responsive means located within said 
flowpath and forming part of an electric circuit for 
producing an electrical output relating to the 
temperature of said temperature-responsive means; and 
means for processing said output and displaying 
information relating to the amount of the component in 
the gaseous mixture. 

2. Apparatus in accordance with Claim 1 in which the component 
is ozone or chlorine dioxide. 

3. Apparatus in accordance with Claim 1 or Claim 2 in which the 
temperature-responsive means is a device whose resistance 
varies with the temperature of the device. 
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Apparatus according to Claim 3 in which the device is a 
platinum resistance temperature device. 

Apparatus according to the any of the preceding claims in 
which the catalyst is manganese dioxide. 

Apparatus according to any of the preceding claims in which 
the temperature-responsive device is encapsulated in a glass 
or ceramic housing . 

Apparatus in accordance with Claim 6 in which the catalyst 
is located on the external surface of the housing. 

A temperature-responsive catalytic device for use in the 
detection or monitoring of a component of a gaseous mixture, 
the device comprising temperature-responsive means having an 
electrical property whose value varies with the temperature 
of the device, encapsulation means encapsulating said 
temperature-responsive means and, located on the external 
surface of said encapsulation means, a catalyst capable of 
catalysing the exothermic decomposition of said component. 

A sensing head including a temperature-responsive device 
according to Claim 8 together with one or more further 
temperature-responsive means and connection means for 
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connecting the sensing head to means for processing the 
electrical outputs from said sensing head. 

10. A method for detecting or monitoring a component of a 
gaseous mixture, the component being capable of exothermic 
decomposition under the influence of a catalyst , the method 
comprising: 

feeding the gaseous mixture along a flowpath within 
which is located a catalyst for effecting exothermic 
decomposition of said component; 

allowing said gaseous mixture to contact the catalyst 
to effect exothermic decomposition of the component; 
causing the heat generated by said exothermic 
decomposition to raise the temperature of the 
temperature-responsive means located in said flowpath 
thereby to vary the electrical output of a circuit of 
which the temperature- responsive means forms a part; 
and 

feeding said electrical output to processing means for 
processing said output and displaying information 
relating to the amount of the component in the gaseous 
mixture • 
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